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Cohn (1925)  was the first to suggest a relationship between viscosity 
of protein solutions and their ability to crystallize.  "Thus the pro- 
teins that are small and of high valence seem to be readily crystal- 
lizable, soluble and of low viscosity; whereas those that are large are 
very viscous, are only slightly soluble when uncombined with acids 
and bases,  and  have  not yet been  crystallized."  Since  1925  more 
data  have  become  available  and  it  now  appears  that  no  simple 
relationship between viscosity and molecular  weight or solubility exists 
but that the part of Cohn's generalization applying to viscosity and 
ability to crystallize is still valid. 
All those proteins, whose solutions at a  given concentration yield 
viscosities equal to or less than that of serum albumin, can be readily 
crystallized provided they can be obtained in isolated condition.  All 
those  proteins  with  viscosities  equal  to  or greater  than  denatured 
ovalbumin have been obtained only in the amorphous state,  x  This 
divides all the proteins, whose viscosities have been measured, into 
two groups:  the crystalline--hemoglobin, pepsin, urease, trypsin, in- 
sulin, ovalbumin, and serum albumin; and the amorphous--denatured 
hemoglobin, denatured ovalbumin, pseudoglobulin, euglobulin, casein, 
and  gelatin.  Several other proteins,  notably plant  globulins,  have 
been crystallized but their viscosities have not been determined. 
x  By a  crystalline protein is meant here one which separates from a super- 
saturated solution in the form of microscopically  visible crystals.  By amorphous 
state is meant merely a subdivision so fine that crystals cannot be seen in the 
microscope.  AU the crystallizable proteins can also be obtained in the amorphous 
state if precipitation is carried out rapidly.  The nonocrystaRizable  proteins never 
yidd crystals under any conditions. 
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In order to compare the viscosities of the proteins, for which mea- 
surements are not available over the same range of concentrations, an 
empirical equation suggested by Kunitz (1925-26), has been used. 
n~  1  +  0.5 
n~  (1 -  404 
where n, is the viscosity of the solution; n~ is the viscosity of the sol- 
vent; and ~ is an arbitrary term interpreted by Kunitz to be the frac- 
tion of the volume of solution occupied by the protein.  This equation 
applies to the high viscosities of gelatin solutions and to the low vis- 
cosities of albumin solutions.  It covers the whole range of concentra- 
tions and has the advantage of containing only one arbitrary constant. 
The fraction of volume, ¢, occupied by the protein is approximately 
proportional  to  the  concentration,  C.  Thus dp/C is  the implied  ar- 
bitrary constant in the Kunitz equation.  Values of dp/C are charac- 
teristic of the proteins and are reported in Tables I  and II to indicate 
the magnitude of the viscosities of protein solutions. 
Fig.  1 shows the effect of concentration on viscosity for the various 
proteins  and  their  sharp  division into  two groups.  The  curves are 
the smooth curves of the Kunitz  equation.  From the experimental 
data for relative viscosity of each protein at a  certain  concentration, 
was obtained by reference to a  graph  of the Kunitz  equation.  It 
was  assumed  that  for  each  protein  ~/C  was  constant.  Then  from 
¢p/C the  relative  viscosity at  any  concentration  can  be  calculated. 
The following is a  sample calculation:  Serum albumin has a  relative 
viscosity of 1.95 when the solution contains 10.79 gin. protein per 100 
cc. solution.  Reference to a graph of the Kunitz equation shows that 
100¢ 
the volume occupied by the protein  equals  14.0  cc.  Then  C  - 
14.0 
10.7---9  =  1.30.  Now  for another  concentration  such as 6.0  per cent 
the apparent volume occupied by the protein would be 6.0  X  1.30 or 
7.8 cc.  A  value of 100~ of 7.8 corresponds to a  relative viscosity of 
1.440.  In  this  way  values  of  relative  viscosity  for  concentrations 
below 10 per cent have been found for all  the proteins. 
It can be seen from the graph that for a concentration of 1 per cent 
the  crystallizable  proteins  have  a  relative  viscosity less  than  1.060 DAVID  B.  HAND 
TABLE  I 
Relative Viscosity of the Non-Crystallizable Proteins 
849 
Protein 
Gelatin, 35°C. 
Casein, 25°C. 
Euglobulin, 25°C. 
Denatured  hemoglobin,  25°C. 
30°C. 
Pseudoglobulin, 25°C. 
Denatured ovalbumin, 25°C. 
~oneen 
:ratior 
~ol~tio 
~m. pe 
100 ¢c. 
4.0 
4.35 
6.88 
3.0 
0.2 
2.67 
3.64 
6.03 
3.0 
.elative[ 
viscos- [  100  ity  I  loo~b 
4.24  ] 7.0 
3.37  [ 5.5 
3.32  I 3.5 
1.572 / 3.2 
1.026[  3.0 
1.6  I 3.75 
1.40  [ 2.0 
1.85  ] 2.14 
1.303 /  1.91 
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TABLE  II 
Relative Viscosity of the Crystallizable Proteins 
Relative 
Concen- viscos-  100q~  tration  ity  --  Protein  solution 
C  na  ¢  n~ 
~erum albumin, 25°C. 
Urease, 0°C. 
Frypsin, 5°C. 
9valbumin, 25°C. 
[nsulin, 
Hemog]obin~ CO, 5°C. 
Pepsin, O°C. 
gin. p~ 
100 co. 
10.79 
4.26 
4.0 
9.08 
15.1 
3.0 
1.0 
10.0 
4.2 
3.4 
1.7 
0.85 
1.95  1.3 
1.29  1.3 
1.265  1.27 
1.57  1.06 
2.21  1.08 
1.16~  1.13 
1.048  1.0 
1.596  1.0 
1.175  0.84 
1.129  0.8 
1.067  0.8 
1.036  0.9 
Reference 
Chick and Lubrzynska (1914) 
Unpublished results in this labora- 
tory 
Kunitz,  Anson,  and  Northrol~ 
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Unpublished results in this labora. 
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while the amorphous proteins have a  relative viscosity greater than 
1.085.  Or,  stated in  another way, when a  protein occupies an ap- 
parent volume in  solution less  than  1.3  times  its  concentration  it 
belongs  to  the  crystallizable  group  of  proteins.  The  amorphous 
proteins have an apparent volume in solution greater than 1.91 times 
their concentrations.  Unfortunately different workers often disagree 
as to the viscosity of a given protein.  The cause of this lack of repro- 
ducibility is still unknown.  It seems likely that proteins which have 
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FIG. 1. Viscosities  of protein solutions. 
been subjected to prolonged dialysis have abnormally high viscosities. 
The lowest  reported figures for viscosities are likely to  be  correct. 
Furthermore the viscosities of the more viscous proteins vary con- 
siderably with pH  and salt  concentrations.  However, these effects 
are not large enough to make any difference with respect to the classi- 
fication of the proteins into two groups. 
Our knowledge of the factors influencing the viscosity of protein 
solutions  is  still  far  from  complete.  Staudinger's  (1932)  work  on DAVID B.  HAND  851 
hemicolloids suggests that molecular weight must be taken into ac- 
count.  Anson and Mirsky  (1931-32)  have shown that  any factor 
that tends to aggregate the protein will increase viscosity.  Equations 
proposed by Einstein (1905, 1911), Hatschek, (1910, 1911, 1912) and 
Arrhenius (1917) disregard all other factors except the volume of the 
protein in solution which is presumably increased by solvation.  Loeb 
(1924) explained the viscosity of gelatin sols as due to minute particles 
of gel in suspension.  Northrop and Kunitz (1925-26) have postulated 
the existence in gelatin solutions of two forms of gelatin: one form 
occurring as insoluble micellae, and the other a soluble form distributed 
between the micellae and the outer solution.  Kunitz (1926-27)  has 
accounted for the high viscosity of gelatin and also its variation with 
pH on this assumption of heterogeneous  solutions.  Eisenschitz (1931- 
32, 1932-33)  has derived a  theoretical equation which relates viscos- 
ity not only to the volume of the colloid in solution but also to the 
length and thickness of the molecules.  Using this equation Schulz 
(1932) has calculated the length and thickness of gelatin molecules. 
The correlation between viscosity and ability to crystallize is an 
empirical fact which should be of importance in the final development 
of a theory of protein solutions. 
I  wish to express my obligation to Professor J. B. Sumner for the 
preparation of crystalline pepsin and for valuable advice and criticism. 
SUMMARY 
All the proteins whose viscosities  in solution  have been measured 
fall  distinctly  into two classes. Proteins of viscosity  equal to and 
lower than serum albumin are readily crystallized. Proteins with 
viscosity  equal  to  or  greater  than denatured ovalbumin have not yet 
been crystallized. 
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